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Abstract 
Global energy consumption has shown a rapid growth in developed and developing countries. By this, 
nations being a concern of energy saving especially for electronic devices likes heating, ventilation and air 
conditioner (HVAC) system which commonly use at the domestic resident and non-domestic such as industry, 
service center and others. In order to reduce the air conditioner energy consumption, there are two ways that 
usually did by the engineer which called as active way that modifying air conditioner model and the passive 
way that applying of green building materials. However, this research objective identifies the suitable 
horsepower of the air conditioner and identify the energy consumption that applied in certain physical 
dimensions of space and occupancy level by measuring the indoor temperature of five selected lecture hall 
with a thermometer from time to time. Thus, the expected results may be shows there was more energy 
consumption needed for space cooling in the bigger lecture hall and higher occupancy level of people. At the 
same time evaluation of the efficiency and coefficient of performance of the air conditioner system has been 
made and suggested a new idea to reduce the air conditioner energy consumption. By this, the research may 
contribute to cost reduction and reduce the negative environment impact that comes from air conditioner 
system.  
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1.0 Introduction 
The world energy use of primary energy has 
grown by 49% and CO2 emissions by 43%, during 
the year 1984 to the year 2004 and has raised 
concerns of oversupply difficulties, exhaustion of 
energy resources and heavy environmental impacts 
such as global warming. In Malaysia context. the 
government's response to the worldwide suggestion 
to implement sustainable production. environmental 
management systems play an important role (Aziati, 
Chian, Hon, Ngadiman, & Ahmad, n.d.). The statistic 
of Malaysia has shown an amount of 1,652 kWh of 
energy intensity per capita in Malaysia at the year 
2008 (Energy & Group, 2011) and predict this trend 
will continue to grow in developed countries and 
developing countries as it aligns with emerging of 
economies, GDP, and a population of the country.  
 
The previous study that conducted at office 
buildings in Northern Europe which equipped with 
air conditioning systems exhibits annual energy 
consumption increase of 226 kWh/ m² (Pérez-
Lombard, Ortiz, & Pout, 2008). For this, the research 
is conducted to determine the energy consumption of 
air conditioner and identify the horsepower of air 
conditioner that should be apply by evaluate the 
indoor temperature level based on physical 
dimensions of space and space occupancy at the 
lecture hall in Unversity Tun Hussein Onn Malaysia 
(UTHM) with quantitative method of calculating 
several equations. 
 
 
2.0 Research background  
 
According to the reports by the 
Intergovernmental Panel on Climate Change (IPCC) 
has mentioned that 38.9% of the total primary energy 
requirements (PER) in the United States which 
consisted of 34.8% was used for heating, ventilation 
and air conditioning (HVAC) (Wan, Li, Liu, & Lam, 
2011). There are two methods such as an active and 
passive way to reduce the energy consumption of air 
conditioner by modifies the air conditioner model and 
building materials such as a green building which can 
improve the efficiency of the air conditioner and 
reduce the heat gain from external and internal 
building for energy savings and financial savings as 
well.  
Improvement of efficiency at all stages of the 
energy system is generally considered as one of the 
most effective ways to decrease the global energy 
requirements and related adverse environmental 
impacts (Saidur, Masjuki, & Jamaluddin, 2007). This 
research is a focus to determine air conditioner 
energy consumption at the lecturer hall of UTHM as 
bigger hall consists more heat that more energy 
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consumption is needed. Lecture hall defined as the 
lecture room which height is more than 45 square feet 
and total volume of space is around or over 60,000 
square feet as well. This is because the air 
conditioner only being apply during lecture hours and 
it consider as in an on-and-off situation which effect 
to the efficiency and energy use of air conditioner. 
 
3.0 Problem Statement 
 
There are 70% of energy-related GHG 
emissions are mainly from fossil fuel combustion for 
heat supply, electricity generation, and transport 
(Schock et al., 2007). Since 2000, Malaysia’s energy 
intensity ratios have been always over 1.0 which 
indicated that inefficient use of energy (Report, 
2014). Besides that, the energy efficiency of 
Malaysian residential sector is lower than its 
corresponding energy efficiency as 21% of total 
energy losses are caused by refrigerator-freezer, 12% 
from air conditioner and washing machine, fan and 
rice cooker are contributed about 11%, 10% and 8% 
of total energy losses, respectively (Saidur, Masjuki, 
& Jamaluddin, 2007). 
Besides that, the traditional refrigerant vapor 
compression system (VCS) which utilize by fossil 
fuelled power plant with the consequent emissions of 
carbon dioxide (CO2) into the atmosphere (Daou, 
Wang, & Xia, 2006). For this, reducing the energy 
consumption of air conditioner is very important in 
order to reduce the generation of carbon dioxide 
emissions. For this, the research is conducted to 
determine the energy consumption of air conditioner 
at the lecture hall, identify horsepower air conditioner 
and evaluate indoor temperature. 
 
4.0 Research questions 
 
 How to identify the horsepower of the air 
conditioner of certain capacity? 
 How to determine the energy consumption 
of air conditioner that has been spent based 
on physical dimensions of space and 
occupancy level? 
 How to evaluate the indoor temperature 
level based on physical dimensions of space 
and occupancy level? 
5.0 Objectives 
 
 To identify the horsepower of the air 
conditioner of a certain capacity. 
 To determine the energy consumption of air 
conditioner that has been spent based on 
physical dimensions of space and occupancy 
level. 
 To evaluate the indoor temperature level 
based on physical dimensions of space and 
occupancy level. 
 
 
 
6.0 Significant of study 
 
This research’s objective is to identify the 
horsepower of the air conditioner as most of the users 
are confused when choosing the suitable horsepower 
air conditioner, determines the energy consumption 
of air conditioner and evaluates the indoor 
temperature level based on physical dimensions of 
space and occupancy level at the lecture hall of 
UTHM. By this, the results of the research will 
address the method and contribute with the 
recommended horsepower air conditioner needed as 
shown in Table 2 and Table 3. Besides that, 
evaluation of  indoor temperature level of lecture hall 
according to different sizes of space and occupancy 
level able to analyses the efficiency of air conditioner 
system at lecture hall of UTHM in order to energy 
saving and cost saving as well. 
7.0 Research scope 
 
There are some of the factors need to take in 
consideration that may affect the external heat gain, 
internal heat gain, and insulation system for heat loss. 
The factors of parameter are including: 
(a) Orientation of the building 
(b) Materials of building 
(insulation system and external heat gain) 
(c) Sizes of physical dimensions of space 
(d) Occupancy heat gains from electronic 
(e) Occupancy of people 
The orientation of sunray to the building and 
the materials which walls, windows, roof and others 
make by will affect to the external heat gain. For 
example, a green roof is more helpful for energy 
consumption of air conditioner. Besides that, the 
physical sizes of space which logically the bigger 
space will need more of the energy for space cooling 
as have more heat in the bigger area. However, the 
occupancy includes both heat gain from electric 
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devices such as lighting, washing machine, and 
numbers of people in the space. To achieving the 
research objective, air conditioner utilization will be 
calculated and analysed with several theoretical 
equations that been used and comparing with two 
factors only which are different size of space area and 
occupancy of people. Besides that, interview sessions 
also will conducted with expertors from three 
faculties which are Faculty engineering technology 
(FTK), Faculty civil and environment engineering 
(FKAAS) and Faculty mechanical and manufacturing 
engineering (FKMP) to discuss about the idea 
product. 
8.0 Research layout                    Air conditioner 
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Figure 1: Air conditioner at single flow 
 
 
 
Figure 1: Air conditioner at single floor 
 
Figure 1 shown that is eight units of air conditioners 
are installed in the single floor. The formula as 
below:  
20 square feet x 20 square feet  
= 400 square feet 
= 2 horsepower x 2 horsepower  
= 4 horsepower 
 
     Figure 2: 12 horsepower needed for whole 
building 
Based on the problems or issues about the 
identification the horsepower of the air conditioner 
which is suitable for certain physical dimensions of 
space area and the occupancy level. The estimated 
cooling capacity needed is calculated with the 
Equation 1 and Equation 2 to determine the volume 
of space, identify horsepower of air conditioner based 
on size of space and occupancy level. The results of 
estimation energy for space cooling is shown in 
Table 2 and 3. The result is used to compare with the 
reality usage air conditioner in the selected of a 
lecture hall of University Tun Hussin Onn Malaysia 
(UTHM). The energy consumption of air conditioner 
and coefficient of performance can be measured with 
Equation 3,4 and Equation 5. The Figure 1 and 
Figure 2 showing an example of volume sizes of 
space with ( 20 x 20 x 60) which 4 horsepower of an 
air conditioner for each level of building and 12 
horsepower is needed for whole building as well by 
assuming that the Energy Efficiency Rating ( EER) 
and Seasonal Energy Efficiency Rating (SEER) is 
same and similar between each of the air conditioners 
in the selected lecturer hall of UTHM. 
                                                      
9.0 Literature review 
 
9.1 Air conditioner 
 
Air conditioner defined as a system or 
process for controlling the temperature, humidity, 
and sometimes the purity of the air in an interior 
which has the capability of cooling. The primary 
function of the air conditioner is to maintain 
Non-
usage 
area 
Usage 
area 
 
 
4 
 
conditions that are conducive to human thermal 
comfort. Basic types of air conditioners consist of 
room air conditioner and central air conditioners. 
Besides that, air conditioner loads also divided into 
sensible and latent loads. The air conditioner must 
counterbalance the two sorts of load to maintain 
desired indoor conditions. In order to remove latent 
heat, the traditional refrigerant vapour compression 
system (VCS) or vapour sorption system (VSS) cools 
the process air down below its dew point to condense 
out water vapour contained therein. The dehumidified 
air is then reheated to meet the required indoor 
temperature conditions. For this, the energy required 
to bring the air from the supply temperature down to 
the temperature of condensation of water vapour 
contained in the process air (below the dew point of 
the air) and reheat the air from that temperature up to 
the supply air temperature. When the sensible heat 
ratio (SHR) of the conditioned space is low, the sum 
of these two components increases dramatically 
(Daou, Wang, & Xia, 2006) 
 
9.2 Space Characteristics 
 
9.2.1 Orientation of Building 
 
The orientation of the building is about the 
location of the space to be conditioned with respect to 
compass point which having sun and wind effects, 
the nearby permanent structure of shading effects and 
reflective surfaces such as water, sand or parking lot. 
For example, the room to be conditioned is oriented 
to the sun rays entering windows effect to solar heat 
gain to space and room temperature is higher, will 
need for more energy consumption for cooling the 
space and maintained the inner condition of the room. 
However, solar heat gain able to reduce by shading 
devices, by the same time energy consumption can be 
reducing. 
Besides that, the location of the building 
which nearby to the seasides, parking lot or even the 
urban sides with the tall building are able to affect the 
energy consumption of air conditioner. For example, 
the location which nearby the water has higher 
moisture density level of the atmosphere ozone and 
the daily temperature is lower than the urban with a 
tall building which low ability of heat flow. 
Regarding the potential of natural ventilation when 
applied to buildings located in urban canyons has 
found a decrease of the wind speed inside the canyon 
especially during the day and air flow reduction may 
be up to 10 times the flow that corresponds to 
undisturbed ambient wind conditions (Santamouris et 
al., 2001). 
 
9.2.2 Construction Materials 
 
The construction materials will affect to the 
solar heat gain to space. For example, the 
construction materials that used for the building 
which in the cools weather country such as Mongolia 
that will experience -30ºC during the winter season. 
Latent heat storage in a phase change material (PCM) 
is very attractive because of its high storage density 
with small temperature swing. They can either 
capture solar energy directly or thermal energy 
through natural convection (Pasupathy, Velraj, & 
Seeniraj, 2008). Besides that, life cycle assessment 
(LCA) also been suggested to improving the social, 
economic and environmental indicators of 
sustainability to meet consumer demands for 
environmentally friendly products, increase the 
productivity and competitiveness of the green 
construction markets (Materials, Castells, & Rovira, 
2009).  
Others than the building envelope 
construction materials, the estimation of roof solar 
reflectance and roof U-value has shown the results 
that increasing the roof solar reflectance reduces 
cooling loads by 18–93% (Synnefa, Santamouris, & 
Akbari, 2007). For example, green roof also acts 
positively upon the interior climate of the building 
because it is good for solar radiation (Niachou, 
Papakonstantinou, Santamouris, Tsangrassoulis, & 
Mihalakakou, 2001).  
 
9.2.3 Physical Dimensions of Spaces 
 
The proper and suitable horsepower of air 
conditioner also should take into consideration in 
order to improve the efficiency of the air conditioner. 
Suitable horsepower of the air conditioner to be 
selected and match with certain sizes of the physical 
dimension of spaces can avoid of overload the air 
conditioner energy consumption or waste the cooling 
energy for smaller spaces area. Physical dimensions 
of space with different lengths, width and height and 
logically thinking that largest physical dimension of 
space will need more energy consumption for 
conditioned all the areas. For example, 1.5 ton of air 
conditioner put in a room which is 120 square feet 
and will consume a different amount of electricity in 
one hour compare to the room which is 150 square 
feet that applying similar size of air conditioner 
room. This is because heat will be more in the room 
of 150 square feet and thus it will take extra 
electricity for space cooling. 
Besides that, physical dimensions also refer 
to the shape of the building. According to the 
previous study mentioned about the shape of the 
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building is able to influence the energy consumption 
of air conditioner, daylighting and air movement due 
to the orientation to solar radiation as it may affect to 
the air circulation, thermal heat gain, the ability of 
heat loss or insulation system as well. A research 
been conducted to study about the residential 
building energy consumption with different physical 
dimensions and it found that the height of building 
able to influence the insulation system (Mirrahimi, 
Farid, & Chin, 2016).  
 
9.2.4 Internal loads  
 
Internal loads refer to the heat which is 
produced within the conditioned space depends on 
the character of the application such as lighting, 
computing devices, machines and others that lead to 
an ambient temperature of space conditioned 
increase. The previous study has been conducted 
which measures the energy for both space-cooling 
and space-heating in office building also mentioned 
that the internal loads including occupants, lighting 
and equipment are 75% of the total building annual 
cooling load. 
The occupancy pattern can be including both 
heat release from electrical appliance and people. The 
occupancy of people as the heat will release from the 
metabolism of inner body to the space and the 
inspiration system of human that release Carbon 
dioxide. By this, more people involving in a space 
will need more of the energy consumption of air 
conditioner. For this, long-term energy savings can 
be achieved by scheduling better used of energy 
during the operation phase and determine the 
maximum occupancy level for certain horsepower of 
the air conditioner to prevent wasted energy. In order 
to determine the sources of errors and improve these 
predictions, the sensitivity of building energy models 
to different input parameters needs to be evaluated. 
 
9.3 Estimated cooling capacity needed 
 
Capacity load for space-cooling with 
perspective of physical dimension of spaces and 
occupancy with the following condition: 
1) Indoor temperature and air conditioned must be 
maintained at the room temperature of 24ºC. 
2) The orientation of the sun rays considered as 
normal and indoor temperature did not affect by the 
sun rays. 
3) Construction material or shading effect is 
considered as normal which did not have a significant 
effect on energy consumption.  
4) The insulation system of the building is considered 
as normal. 
5) The lighting and equipment operation time and 
heat load release are considered as consistent. 
 
Table 1: Units of horsepower of air conditioner 
1 horsepower (HP / hour) 2545 British  Thermal 
Unit / hour 
1 British Thermal Unit / 
hour 
0.293 Watt / hour 
1 Ton ( Ton / hour) 12,000 British Thermal 
Unit / hour 
 
Equation 1: 
 
𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑊𝑖𝑑𝑡ℎ × 𝐿𝑒𝑛𝑔𝑡ℎ × 𝐻𝑒𝑖𝑔ℎ𝑡 
 
Equation 2: 
 
𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑛𝑒𝑒𝑑𝑒𝑑 
= (𝑉 ×  6) + (𝑁 × 500𝐵𝑇𝑈 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟) 
 
V= volume, m³ 
N= number of people 
 
Table 2: Estimated cooling capacity needed for the 
different volume of spaces. 
Volume, 
m³ 
British 
Thermal 
Unit (BTU / 
hour) 
(assume 
occupancy 
level =0)  
Watt / 
hour 
 
Horsepower  
(HP / hour) 
500 3000 879 1.2 
600 3600 1,054.8 1.4 
700 4200 1,230.6 1.7 
800 4800 1,406.4 1.9 
900 5400 1,582.2 2.1 
1000 6000 1,758 2.4 
1100 6600 1,933.8 2.6 
1200 7200 2,109.6 2.8 
1300 7800 2,285.4 3.0 
1400 8400 2,461.2 3.3 
1500 9000 2,637 3.5 
 
Table 3: Estimated cooling capacity needed for the 
different level of occupancy. 
Occupancy 
(1people = 
500BTU/ho
ur) 
British 
Thermal 
Unit 
(BTU 
/hour) 
(assume 
space 
volume 
Watt / 
hour 
Horsepower 
(HP / hour) 
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= 500m³) 
0 3000 879 1.2 
5 5500 1,611.5 2.2 
10 8000 2,344 3.1 
15 10,500 3,076.5 4.1 
20 13,000 3,809 5.1 
25 15,500 4,541.5 6.1 
30 18,000 5,274 7.1 
35 20,500 6,006.5 8.1 
40 23,000 6,739 9.0 
45 25,500 7,471.5 10.0 
50 28,000 8,204 11.0 
 
9.4 Efficiency of air conditioner 
Equation 3: 
 
𝐶𝑂𝑃 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 =  
𝑇ϲ
𝑇ʜ − 𝑇ϲ
 
 
COP = Coefficient of performance 
Tϲ = Cold Temperature 
Tʜ = Hot temperature 
Equation 4: 
 
𝑬𝑬𝑹 =  
𝑶𝒖𝒕𝒑𝒖𝒕 𝑪𝒐𝒐𝒍𝒊𝒏𝒈 𝑬𝒏𝒆𝒓𝒈𝒚 (𝑩𝑻𝑼)
𝑰𝒏𝒑𝒖𝒕 𝑬𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒂𝒍 𝑬𝒏𝒆𝒓𝒈𝒚 (𝑾𝒂𝒕𝒕)
 
 
EER = Energy Efficiency Rating 
 
Equation 5: 
 
𝑺𝑬𝑬𝑹 =  
𝑨𝒏𝒏𝒖𝒂𝒍 𝑩𝑻𝑼 𝑪𝒐𝒐𝒍𝒊𝒏𝒈
𝑻𝒐𝒕𝒂𝒍 𝑾𝒂𝒕𝒕 𝑯𝒐𝒖𝒓𝒔
 
 
SEER= Seasonal Efficiency Ratings  
 
COP is the Coefficient of performance 
ratings which used to measures how efficiently a 
heating or cooling system operates at a single outdoor 
temperature. It shows that higher COP means to the 
higher efficiency. However, EER and SEER stand for 
the energy efficiency rating and seasonal energy 
efficiency rating which able to measure the cooling 
capacity from a given amount of electricity. SEER 
usually used to rate central air conditioning units, 
while EER is generally used for window units or 
smaller conditioners. The higher the EER or SEER 
means to the higher efficiency and less energy 
consumption. The results whereby EER which is 
more than 10 and SEER is more than 12 can be 
considered as efficient. The up-front cost of the air 
conditioner with higher SEER will cost more than a 
lower SEER system, but the higher SEER air 
conditioner will more economical and cost saving 
during long runway. Besides that, SEER is able to 
measure the efficiency over an entire cooling season 
that totals up the amount of cooling the air 
conditioner provides over the entire cooling season 
divided by the total number of wattage-hours it 
consumes. 
 
10.0 Methodology 
 
This research was started with topic selection 
whereby to contribute for problem solving which 
mentioned in the problem statement and follow by 
describing the research scope and research objective. 
Then, gathering all the related information from 
several sources that majority was data and 
information of secondary data.  
For data collection, this research was conducted 
with quantitative method that making some 
calculation with the stated formula in the literature 
review that identifies the horsepower of the air 
conditioner by Equations 1, 2 and 3 as Table 2 and 
Table 3 based on sizes of physical dimensions of 
space and occupancy level. There was five lecture 
halls was selected as the sample of this research by 
purposive sampling techniques. The data collection 
was proceeding by following the table template for 
recording the indoor temperature from time to time as 
shown in Table 4 based on the different volume of 
the lecture halls and occupancy level. Data recording 
which based on the size of space was non-stop 
recording until the indoor temperature had achieved 
the room temperature 24ºC. However, the 
temperature which influencing by occupancy level 
recorded within three hours only which assume as 
one lecture lesson to evaluate the efficiency of air 
conditioner system at lecture halls UTHM. 
 After that, data was analyzed and calculate 
with Equations 4,5 and 6 which evaluate the 
coefficient of performance and total energy 
consumption that has spent. The expecting outcomes 
as the bigger space area and higher occupancy level 
needed more energy consumption of air conditioner. 
At the final stage of this research, conclusion and 
recommendation for energy saving. Besides that, this 
research also conducted with qualitative method 
which interview with expertors from Faculty 
engineering technoly (FTK), Faculty mechanical and 
manufacturing engineering (FKMP) and Faculty civil 
and environment engineering (FKAAS) to discuss the 
new ideal product to redue the energy consumption 
of air conditioner. 
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